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Abstract. Geocoding is increasingly being used for public health surveillance and spatial epidemiology studies. Public health
departments in the United States of America (USA) often use this approach to investigate disease outbreaks and clusters or
assign health records to appropriate geographic units. We evaluated two commonly used geocoding software packages,
ArcGIS and MapMarker, for automated geocoding of a large number of residential addresses from health administrative
data in New York State, USA to better understand their features, performance and limitations. The comparison was based
on three metrics of evaluation: completeness (or match rate), geocode similarity and positional accuracy. Of the 551,798
input addresses, 318,302 (57.7%) were geocoded by MapMarker and 420,813 (76.3%) by the ArcGIS composite address
locator. High similarity between the geocodes assigned by the two methods was found, especially in suburban and urban
areas. Among addresses with a distance of greater than 100 m between the geocodes assigned by the two packages, the point
assigned by ArcGIS was closer to the associated parcel centroid (“true” location) compared with that assigned by
MapMarker. In addition, the composite address locator in ArcGIS allows users to fully utilise available reference data, which
consequently results in better geocoding results. However, the positional differences found were minimal, and a large major-
ity of addresses were placed on the same locations by both geocoding packages. Using both methods and combining the
results can maximise match rates and save the time needed for manual geocoding.
Keywords: geocoding, ArcGIS, comparison of geocodes, MapMarker, match rate, positional accuracy, United States of America.
Introduction
Geocoding is widely used by researchers who con-
duct public health surveillance and spatial epidemiol-
ogy studies, and the importance of it has been recog-
nised by leading experts in the field. For example,
geocoding was included in the objectives of “Healthy
People 2010”, i.e. increase the proportion of major
national health data systems that use geocoding to
promote nationwide use of geographic information
systems” (http://www.healthypeople.gov/2010/).
Geocoding is also considered critical to achieving the
various goals of “Healthy People 2020”, such as
reducing health disparities and protecting children
from air pollution (Swift et al., 2008; Healthy People
2020 Summary of Objectives, 2010; Krieger et al.,
2012). 
A number of studies have evaluated various geocod-
ing methods, including in-house software, commercial
firms, and web-based geocoding services in the United
States of America (USA). Researchers in the University
of Southern California (USC) GIS Research
Laboratory conducted a comprehensive evaluation of
eight frequently used PC-based or online geocoding
software packages, including Centrus, Geolytics, ESRI
ArcGIS, Geocoder.us, Google Earth, Google Maps
API, Yahoo API, and open source USC Geocoding
Platforms (Swift et al., 2008). The results indicate that
each of these platforms has strengths and weaknesses
and, in general, no one performed significantly better
or worse than the others. One limitation of this evalu-
ation is that the input data only covered 50 addresses
in California and therefore additional studies using
data from other parts of the USA are needed. The
researchers also suggested further research to evaluate
other commonly used geocoding software, including
Pitney Bowes’ MapMarker.
The goal of the present project was to evaluate and
compare two commonly utilised geocoding software
packages, ArcGIS 10 (Environmental System Research
Institute (ESRI), Redlands, CA, USA) and MapMarker
22 (Pitney Bowes Business Insight, Troy, NY, USA),
based on their features and performance in geocoding
a large administrative health care dataset in New York
State (NYS). There are no studies to our knowledge
comparing the features and geocoding results between
these two geocoding methods. In this project, we
focused on the automated geocoding. Three metrics of
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evaluation were used for the comparison: (i) com-
pleteness (or match rate); (ii) similarity of geocodes;
and (iii) positional accuracy. Completeness and posi-
tional accuracy are two common metrics that have
been used for evaluating geocoding quality
(Zandbergen, 2007, 2008). Similarity of geocodes,
defined as the distance between assigned coordinates
for each address by different methods, is a relatively
new metric (Lovasi et al., 2007; Roongpiboonspoit
and Karimi, 2010), and reported data on it has been
very limited. Measurement of similarity can be used as
an alternative and probably more efficient way to con-
firm positional accuracy of geocoding results
(Roongpiboonspoit and Karimi, 2010). The MapInfo
Spider Graph tool was used to measure both similari-
ty and positional accuracy in this project.
Various methods have been used in previous
research to estimate positional accuracy of geocoded
addresses. For example, studies used a global posi-
tioning systems (GPS) unit that obtains precise geodet-
ic locations of addresses from satellites (Ward et al.,
2005; Zhan et al., 2006; Schootman et al., 2007). This
method is time-consuming and may not be feasible in
the absence of a field survey. One can also utilise aer-
ial photography as the “gold” standard, which has
been less frequently used than GPS measurements
(Schootman et al., 2007). For example, Cayo and
Talbot (2003) defined the “true” location of each
address as the point that was the visual centre of the
house using 1 m resolution digitally enhanced aerial
orthoimagery with a horizontal accuracy of 10 m. The
determined points were manually placed in the centre
of the structure. The researchers reported some prob-
lems in identifying the visual centre for closely spaced
homes, houses with dark rooftops, houses surrounded
by dense canopy cover from trees and houses with a
large outbuilding. 
A third method is the utilization of the centroid or
boundary of the land parcel. Parcel boundaries are tra-
ditionally considered as the most accurate spatial data
with address information. Geocoding against parcels
has now become more prevalent thanks to the devel-
opment of parcel-level databases in the USA
(Zandbergen, 2008). In order to study the effect of
positional accuracy of street geocoding on traffic pol-
lution exposure, Zandbergen (2007) measured the dis-
tance between the street-level geocoded point and the
centroid of the associated parcel, which was thought
to be more accurate than using the property boundary
to determine positional error. This method was adopt-
ed in the present project. The accuracy of parcel data
in the Capital Region of NYS was confirmed in the
study by Cayo and Talbot (2003). In general, position
errors measured using different approaches ranged
from 38 to 75 m in previous studies, and the errors
were found to be higher in rural areas than in urban
areas (Zandbergen, 2007).
This article provides a multifaceted comparison of
two commonly used geocoding methods, with the
objective of better understanding their features, per-
formance and limitations. The methods and results in
this paper can help researchers to decide which
geocoding method best suits their geocoding needs
and resources and also which approach assists them in
creating a customised geocoding procedure. In addi-
tion, this paper provides practical information such as
software settings associated with each geocoding
method. One of the advantages of this research is that
we used two sets of reference data for each geocoding
method, which greatly improved the geocoding
results.
Materials and methods
Address data
The address data used in this project consisted of
551,798 addresses randomly selected from the 1999
to 2006 Statewide Planning and Research Cooperative
System (SPARCS) database in NYS. SPARCS is a com-
prehensive data reporting system that collects data on
billing and medical record information for patients
from all acute care hospitals in NYS. Because of the
nature of the system, postal addresses rather than
physical street addresses were collected from patients,
resulting in problematic addresses in the sample data
such as postal box numbers, rural route addresses, or
nearest street intersection. The database contained
fields for street address, city, state and ZIP code.
Reference data for geocoding
For MapMarker, both the default Address
Dictionary (data vintage July 2009, MapMarker
Version 22.0.0.13) and the 2010 NAVTEQ Address
Points data set were used as the reference data in this
study. The latter was obtained from the NYS
Geographic Information Systems (GIS) Clearinghouse
(http://www.gis.ny.gov) that is operated by the NYS
Office of Cyber Security. Geocoding using address
points reference data results in excellent positional
accuracy, match rates only slightly lower than those
for street geocoding, and a low number of ties
(Zandbergen, 2008). 
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To use the geocoding tools in ArcGIS, reference data
were first prepared by creating address locators in
ArcCatalog. Two sets of reference data were prepared
and used for geocoding with ArcGIS in the study.  One
was also the 2010 NAVTEQ Address Points data set,
and the other was the 2010 NYS Street Segment data
that were also provided by the NYS GIS
Clearinghouse.
Geocoding process
Geocoding with MapMarker was based on an
established geocoding protocol in the NYS
Department of Health Center for Environmental
Health. Two geocoding passes were completed for
this study. In pass one, only the NAVTEQ Address
Points data were used as the reference data.  The
geocoding precision was set to be at the street level
(the highest), with exact match on house number,
street name and ZIP code being required. Other
geocoding parameters were set as follows: offset from
road of 15 m, offset from corner of 50 m, no fallback
to ZIP centroid or geographic centroid, no match on
a multiple match. In the second pass, both the
MapMarker Address Dictionary and the NAVTEQ
Address Points data were used as the reference data,
and the geocoding parameters were the same as in the
first pass. Those addresses not successfully geocoded
in pass one or receiving a result code between S1 and
S4 were geocoded in pass two. Result codes are out-
put by MapMarker during each geocoding process
and provide information on the accuracy of the
assigned points. The code generally has a range
between S1 and S8; a higher number indicates a high-
er positional accuracy. 
Before using the geocoding tools in ArcGIS, two
individual address locators were first created in
ArcCatalog using the NAVTEQ Address Points data
and the NYS Street Segment data. In order to take
advantage of both reference data sets in one geocoding
process, a composite address locator was also created.
With a composite address locator, addresses are
matched against each of the composite address loca-
tor’s individual addresses. The composite address loca-
tor attempts to match the first individual address and,
if no match is found, it attempts to match against the
second address. The same geocoding parameters were
set for both individual address locators: spelling sensi-
tivity of 80 and minimum match score of 85 (out of
100, i.e. the default settings of ArcGIS), side offset of
15 m, end offset of 50 m, and no match if there were
multiple matches. 
Data analysis
For each geocoding method, descriptive information
on the geocoding process and results was recorded
(e.g. reference data used, match rate). To estimate the
similarity of assigned geocodes by the two methods,
we first used SAS version 9.2 (SAS Institute Inc.; Cary,
NC, USA) to randomly select 5% of the addresses that
were geocoded by both methods from Albany,
Niagara, Jefferson and New York counties. These
counties were selected to represent suburban, rural,
and urban counties in NYS. For each sampled address,
we then used the Spider Graph tool in MapInfo to cal-
culate the distance between the points assigned by the
two methods. Furthermore, in order to determine
which geocodes were more accurate, for addresses
with a calculated distance of ≥100 m, we also used the
Spider Graph tool to calculate the distances between
the assigned points and the “true” location of the
address, defined as the centroid of the parcel associat-
ed with the address.
Results
Match rate
Of the 551,798 input addresses, 318,302 (57.7%)
addresses were geocoded by MapMarker, and 420,813
(76.3%) addresses were geocoded with the ArcGIS
composite address locator. A total of 298,288 (54.1%)
of the addresses were geocoded by both methods, and
440,827 (79.9%) addresses were geocoded by at least
one method (Table 1). 
In the first pass of geocoding with MapMarker,
203,449 (36.9%) addresses were matched, and
114,853 (20.8%) addresses were geocoded in the sec-
ond pass. Of the addresses geocoded by MapMarker,
307,009 (96.5%) of them had a result code between
S5 and S8, indicating that the assigned locations were
Geocoding software Match rate (%) Result code/score
MapMarker 57.7 96.5% had a result
code between S5 and S8
ArcGIS 76.3 Mean match scores of
95.6
By both methods 54.1
By at least one method 79.9
Table 1. Match rates and result scores.
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accurate. ArcGIS provides numeric match scores (up
to 100) for geocoded addresses. The mean of the
match scores in this study was 95.6, with a standard
deviation of 6.0. The minimum match score was 85,
which had been decided by one of the geocoding set-
tings. A total of 264,246 (62.8%) of the addresses
matched by ArcGIS had a match score of 100. In addi-
tion, the ArcGIS output was found to include the
name of the individual address locator that the address
was geocoded against; 72.5% of the geocoded
addressed were matched against the NAVTEQ
Address Points data, and the rest of them were
geocoded against the NYS Street Segment data.
Similarity of geocodes
We found that the two geocoding methods assigned
highly consistent geocodes. Among the 160 addresses
reviewed for Albany county, 133 (83%) were assigned
an identical position by both methods. For 13 (8%) of
these addresses, the positional difference was between
1 and 5 meters, and 2 (1%) of the addresses had a dis-
tance greater than 100 m (Fig. 1A). When a total of
146 addresses were compared for Niagara county, 133
(91%) were assigned an identical position and 3 (2%)
of the addresses had a distance of assigned locations
greater than 100 m (Fig. 1B). A hundred and eight
addresses were compared for Jefferson county, a rural
county in NYS. Among these, 91 (84%) were assigned
the same location by the two methods. However, 5
(5%) of the compared addresses had a positional dif-
ference greater than 100 m (Fig. 1C). New York coun-
ty had a much larger sample due to its high population
density. Among the 1,115 compared addresses, 694
(62%) were assigned identical locations and 295
(26%) of them had a small difference between 1 and
5 m. Only 10 (1%) of the New York county address-
es had distances between the two sets of assigned coor-
dinates greater than 100 m (Fig. 1D).
Positional accuracy
For addresses with a calculated distance of greater
than 100 m between the geocodes assigned by the two
methods, we further investigated which assigned loca-
tion was the more accurate, or closer to the parcel cen-
troid (“true” location). Fig. 2 illustrates the distance
calculated between the assigned points by the two
methods (yellow line) and the distances between each
of them and the associated parcel centroid (red lines).
The length of the yellow line was calculated using the
Spider Graph tool for estimating the similarity of
assigned points, and the length of the two red lines
were compared to determine which method generated
Fig. 1. Distances between the coordinates assigned by MapMarker and ArcGIS in four New York State counties.
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the most accurate results for the address. 
Because parcel data were not available, we could not
compare addresses in New York county. We were able
to investigate 8 of the 10 eligible addresses with parcel
data available from the other three counties using the
Spider Graph (Table 2). The third column in Table 2
lists the calculated distances between a MapMarker
point and an ArcGIS assigned point. The next column
shows the distances between a MapMarker point and
an associated parcel centroid. Similarly, in the next
column are the distances between an ArcGIS point and
an associated parcel centroid. The result codes output
for the address by each geocoding method,
MapMarker georesult and ArcGIS match score, are
also shown in Table 2. The results showed a consistent
pattern for all the examined addresses. The point
assigned by ArcGIS was much closer to the associated
parcel centroid when compared with that assigned by
MapMarker. Most of the ArcGIS assigned points were
located extremely close to the parcel centroid with a
distance of only 2 m or less.
Discussion
Health researchers are increasingly using geocoding
to display health-related information on maps and for
spatial analyses. Public health departments in the USA
often use geocoding to investigate disease outbreaks
and clusters, or assign health records to appropriate
geographic units such as ZIP code and county for dis-
Fig. 2. Distance between the assigned points and the distances between each assigned point and the associated parcel centroid. 
County Address
MapMarker
vs. ArcGIS
ArcGIS vs.
parcel
ArcGIS vs.
parcel
MapMarker
Georesult
ArcGIS
match score
Albany
Albany
Niagara
Niagara
Niagara
Jefferson
Jefferson
Jefferson
Sample address 1
Sample address 2
Sample address 3
Sample address 4
Sample address 5
Sample address 6
Sample address 7
Sample address 8
112
1,689
177
706
121
7,852
245
109
105
1,830
176
707
121
7,889
245
110
14
149
2
2
1
50
0.3
1
S5
S2
S5
S1
S5
S5
S5
S5
100
87
100
87
100
100
89
89
Table 2. Comparison of geocoded points with the associated parcel centroid.
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play (Washington State Department of Health, 2008).
In this study, we evaluated match rates, similarity and
positional accuracy of two commonly used geocoding
software packages, ArcGIS 10 and MapMarker 22, in
geocoding a large number of residential addresses
from health administrative data in NYS. This study
compares the features and performance of these two
geocoding methods in an effort to help researchers
decide which geocoding method best suits their
geocoding needs and resources.
Our findings suggest that ArcGIS provides both a
higher match rate and better positional accuracy of
geocoding compared with MapMarker. In this study,
geocoding with ArcGIS took approximately one third
of time required by the MapMarker package. The
results showed a high similarity between the geocodes
assigned by the two methods, especially in suburban
and urban areas. Both methods can be used together
to maximise match rates and also to check the validi-
ty of certain geocoded locations. Attention should be
focused on those addresses with large positional dif-
ference between assigned points (Duncan et al., 2011).
In practice, however, many researchers would not
have both software packages and would have to
choose one that suits the nature of the project and
available resources. We discuss the advantages and
disadvantages of using ArcGIS and MapMarker for
automated geocoding below.
MapMarker is a stand-alone geocoding pro-
gramme that is licensed for an annual fee. A default
reference data set is included in the package, which is
critical to users that do not have access to better ref-
erence data. To display the addresses geocoded by
MapMarker on a map, however, one also needs to
own MapInfo and complete additional steps to cre-
ate the points. The geocoding tools in ArcGIS are an
integrated part of the software package. Therefore,
there will be no additional cost for using those
geocoding tools for those who already own ArcGIS
and use it for other GIS purposes. Geocoded address-
es are automatically shown on a map after the end of
a geocoding process in ArcGIS. Nonprofit organisa-
tions can also take advantage of the discount prices
offered by ESRI. On the other hand, ArcGIS does not
provide default reference data and therefore users
need to have access to or purchase necessary refer-
ence data sets in order to use ArcGIS for geocoding.
ArcGIS also provides users with free online geocod-
ing services that utilise reference data from TomTom
(http://www.tomtom.com), but limits users to a max-
imum of 1,000 stored batch geocodes (ESRI: World
Geocoding Task Service).
In addition to the default Address Dictionary,
MapMarker allows users to add their own user dic-
tionary and to utilise both reference data sets in one
geocoding process. The composite address locator in
ArcGIS, however, allows multiple sets of user defined
reference data sets to be included in one geocoding
process. ArcGIS allows users to fully utilise their data
resources which consequently improve both match
rates and the positional accuracy of geocoding. Our
pilot tests confirmed that the composite address loca-
tor resulted in the highest match rate (76.3%) com-
pared with the other two individual address locators
using only the NAVTEQ Address Points (55.3%)
data or the NYS Streets Segment (67.2%) data.
However, creating an address locator in ArcGIS
requires more user knowledge and preparation time
compared with using the Address Dictionary or User
Dictionary in MapMarker.
The two software packages provide users with dif-
ferent options to customise the geocoding process.
With MapMarker, one can require exact match on cer-
tain address information including house number,
street name, city name, and ZIP code. Many epidemi-
ologic studies require highly accurate geocoding
results for further analyses, and therefore it would be
necessary to set up exact matching on most compo-
nents of the address. In ArcGIS, the minimum match
score represents the degree of agreement between the
address being geocoded and its actual location in the
reference data, which can be adjusted according to the
required accuracy of geocodes. Pilot studies can be
conducted prior to the main study to determine an
adequate minimum match score (Zandbergen, 2008;
Duncan et al., 2011). The setting of spelling sensitivi-
ty in ArcGIS affects the number of address candidates
considered by ArcGIS by controlling the amount of
variation allowed in searching for potential candidates
in the reference data. It does not, however, affect the
match scores of address candidates (Zhan et al.,
2006). Generalizability of results in this comparison to
other scenarios with different parameter settings of the
two methods requires further research.
One limitation of this study is that the findings are
based on NYS addresses only and the evaluation of
similarity and positional accuracy are limited to four
counties in NYS. Future testing should include repre-
sentative data from other parts of the USA to confirm
the generalizability of our findings to other jurisdic-
tions. Another limitation is that a substantial portion
of the input data could not be geocoded using either of
the two methods. The low quality of the input
addresses was probably a major contributing factor.
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This problem may have introduced selection bias in
comparing the two geocoding methods because the
results may be different when more standardised
addresses were used for comparison. A final limitation
of this study is that only eight addresses were investi-
gated to determine the accuracy of assigned geocodes
by the two methods. We considered 100 m as a mean-
ingful threshold after reviewing previous literature in
the field (Ward et al., 2005; Zandbergen, 2007).
Future research could use smaller thresholds and/or
larger sample sizes for a more thorough comparison of
positional accuracy between the two geocoding meth-
ods.
Conclusions
ArcGIS generated better geocoding results when
compared with MapMarker.  Locations assigned by
ArcGIS are probably more accurate than those from
MapMarker, but overall the positional differences
found with the two geocoding methods were minimal
and a large majority of addresses were placed at the
same locations by the two methods. For projects
involving a large number of addresses, using both
methods and combining the results should maximise
match rates and limit the amount of time needed for
manual geocoding. When reference data of high qual-
ity are available, ArcGIS is the better choice and the
composite address locator is especially useful to
improve the quality of geocoding results. 
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